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57 ABSTRACT 
A substrate bias generating circuit including waveform 
shaping circuits for producing two signals having dif 
ferent phases on the basis of signals in phase extracted 
from a ring oscillator and two logic gates using these 
two signals having large phase difference as inputs is 
disclosed. A first charge pump circuit is driven with one 
of outputs of these two logic gates and a second charge 
pump circuit is driven by the other output. First charge 
pump circuit and second charge pump circuit are elec 
trically coupled to generate substrate bias alternately. 
Since the difference in phase of two signals inputted to 
the two logic gates respectively is so large that a possi 
bility is reduced of occurrence of a period in which both 
of input potential to charge pump circuit and input 
potential to charge pump circuit are at a low level even 
if a rise speed and a fall speed of input potential to 
charge pump circuit greatly differ from a fall speed and 
a rise speed of input potential to charge pump circuit, 
respectively. Operation margin of charge pump circuits 
thus increases. 5,041,739 8/1991 Goto.......... ... 307/296.2 
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SUBSTRATE BIAS GENERATING DEVICE AND 
OPERATING METHOD THEREOF 

BACKGROUND OF THE INVENTION 
1. Field of the Invention - 
The present invention relates to substrate bias gener 

ating devices and operating methods thereof, and more 
particularly to a substrate bias generating device with a 
configuration in which substrate bias is generated by 
driving two charge pumps using outputs of two logic 
gates using outputs of a ring oscillator as their inputs 
and an operating method thereof. 

2. Description of the Background Art 
Semiconductor devices such as a DRAM (Dynamic 

Random Access Memory) and so forth are semiconduc 
tor integrated circuit devices having a large number of 
MOS transistors formed on a single semiconductor 
substrate as components. Usually, in such a semiconduc 
tor integrated circuit device, the potential of a semicon 
ductor substrate is preferably held at predetermined 
potential all the time. 

FIG. 7 is a diagram illustrating one example of a 
cross-sectional structure of a part of such a semiconduc 
tor integrated circuit device. In FIG. 7, one MOS tran 
sistor and an impurity region forming an interconnec 
tion region are typically shown. Referring to FIG. 7, 
the MOS transistor is formed in a region in a surface of 
a ptype semiconductor substrate 130, which includes in 
type impurity regions 131 and 132 as source and drain 
regions, and a gate electrode 133. A gate insulating film 
134 is formed between gate electrode 133 and p type 
substrate 130. Corresponding to the voltage applied to 
the gate electrode 133, a channel is formed between 
source region 131 and drain region 132. n type impurity 
region 135 as an interconnection region is provided in a 
p type substrate 130 surface spaced from impurity re 
gion 131. Above the surface of p type substrate 130, a 
signal line 136 is provided between impurity regions 131 
and 135 with a filter insulating film 137 with a large film 
thickness interposed therebetween. 

In FIG. 7, when the MOS transistor is in an ON state, 
hot electrons and holes paired with them are produced 
in the vicinity of drain 132. Most of the produced hot 
electrons flow to drain 132. On the other hand, most of 
the produced holes flow to p type substrate 130. The 
potential of p type substrate 130 thus increases. When 
the potential of p type substrate 130 increases, the foll 
lowing problems occur. 
That is, the pn junction formed by each of source 

region 131 and drain region 132 and p type substrate 130 
and the pnjunction formed by interconnection region 
135 and p type substrate 130 are brought into forward 
bias states, respectively. As a result, leak current flows 
between each of source region 131, drain region 132 and 
interconnection region 135, and p type substrate 130, so 
that a channel may not be formed between source re 
gion 131 and drain region 132 in response to the voltage 
change for gate electrode 133, or a signal may not be 
transmitted through interconnection region 135 rapidly. 

Also, when interconnection 136 transmits a signal at 
an operation power supply voltage level, if the potential 
of p type substrate 130 is high, a channel is likely to be 
formed in the surface of p type substrate 130 between 
impurity regions 131 and 135 due to the potential of 
interconnection 136. That is, a parasitic MOS transistor 
formed of interconnection 136, insulating film 137, n 
type regions 131 and 135 is likely to operate. If such a 
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2 
parasitic element which is originally not a circuit ele 
ment provided on semiconductor substrate 130 oper 
ates, original operation of circuit elements will suffer 
from bad effects. 

Furthermore, a threshold value voltage Vth of a 
MOS transistor depends on potential of semiconductor 
substrate 130 in which the MOS transistor is formed. 
FIG. 8 is a graph illustrating relationship between 
threshold value voltage Vth of an n-channel MOS tran 
sistor formed on a p type semiconductor substrate and 
potential VBB of the p type semiconductor substrate. On 
the abscissa in FIG. 8, absolute values of potential VBB 
become larger as they are separated away from an ori 
gin. As seen from FIG. 8, threshold value voltage Vth 
of a MOS transistor greatly changes depending on 
change in voltage VBB of a semiconductor substrate in 
which the MOS transistor is formed in a region with 
high potential VBB of the semiconductor substrate (a 
region of -V1 or higher in the figure). However, in a 
region with relatively low potential VBBof the semicon 
ductor substrate (in the figure, region of - V1 to -V2), 
the threshold value voltage Vth of the MOS transistor 
is kept substantially constant with no connection with 
change in potential VBB of the semiconductor substrate. 
Accordingly, in FIG. 7, if the potential of p type sub 
strate 130 is about that in a negative potential region 
(-V1 to -V2) in FIG. 8, the threshold value voltages 
of the MOS transistor formed of gate electrode 133, 
insulating film 134, n-type regions 131 and 132 are not 
affected by fine fluctuation of potential of p type sub 
strate 130, and it stably operates without causing punch 
through and so forth. However, if the potential of p 
type substrate 130 is high, since the threshold value 
voltage of the MOS transistor greatly changes in re 
sponse to small fluctuation of potential of p type sub 
strate 130, the MOS transistor does not operate stably. 

In order to avoid such a problem as described above. 
due to an increase in potential of p type substrate 130, 
negative predetermined potential about that in the po 
tential region (-V1 to -V2) in FIG. 8 is applied to p 
type substrate 130, for example. Conventionally, a cir 
cuit for generating such negative predetermined poten 
tial (hereinafter referred to as substrate bias) to be sup 
plied to a semiconductor substrate (hereinafter referred 
to as a substrate bias generating circuit) was provided 
outside a semiconductor substrate. However, a sub 
strate bias generating circuit is recently formed on a 
semiconductor substrate. 

FIG. 6 is a diagram illustrating entire structure of a 
semiconductor integrated circuit device having a sub 
strate bias generating circuit. Referring to FIG. 6, a 
semiconductor integrated circuit device 100 having a 
MOS transistor as a component includes a functional 
circuit 110 and a substrate bias generating circuit 120 
formed on a semiconductor substrate 130. Functional 
circuit 110 implements original functions of the semi 
conductor integrated circuit device. On the other hand, 
substrate bias generating circuit 120 generates negative 
predetermined potential as substrate bias. The gener 
ated substrate bias VBB is applied to semiconductor 
substrate 130. Thus, the problem of occurrence of mal 
functions due to potential of semiconductor substrate 
130 in functional circuit 110 can be avoided. 

FIG. 4 is a diagram illustrating one example of a 
circuit used as the substrate bias generating circuit 120 
in FIG. 6. FIG. 5 is a timing chart diagram for describ 
ing operation of the substrate bias generating circuit 
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shown in FIG. 4. Referring to FIGS. 4 and 5, structure 
and operation of a conventional substrate bias generat 
ing circuit will be described below. 

Referring to FIG. 4, the conventional substrate bia 
generating circuit includes a ring oscillator 30, a wave 
form shaping circuit 40, charge pump circuits 50 and 51, 
2-input NOR gate 17 and a 2-input NAND gate 16. 

Ring oscillator 30 includes seven inverters 1-7 con 
nected in series. Output potential of inverter 7 at the 
seventh stage is inputted into inverter 1. Accordingly, 
an output logic level of each of inverters 1-7 switches, 
that is, oscillates, in a cycle corresponding to a delay 
time of six inverters. Respective output potentials of 
inverters 1,3,5 and 7 are substantially in phase and also 
output potentials of inverters 2, 4, and 6 are also sub 
stantially in phase. Output potential of inverter 3 shows 
phase which is delayed by a delay time by two inverters 
as compared to output potential of inverter 1, output 
potential of inverter 5 shows phase delayed by a delay 
time by two inverters in addition as compared to output 
potential of inverter 3, and output potential of inverter 
7 shows phase further delayed by a delay time by two 
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inverters as compared to output potential of inverter 5. 
Output potential of inverters 2, 4 and 6 and output po 
tential of inverters 1, 3, 5 and 7 are opposite in phase. 
The output potential of inverter 2 shows phase different 
from the output potential of inverter 1 by 180, the 
output potential of inverter 4 shows phase delayed by a 
delay time due to two inverters as compared to the 
output potential of inverter 2, and the output potential 
of inverter 6 shows phase delayed by a delay time due to 
two inverters in addition as compared to the output 
potential of inverter 4. 
Waveform shaping circuit 40 includes p channel 

MOS transistors 8 and 9 and n channel MOS transistors 
10 and 11 provided between a power supply Vcc and 
ground. Gates of transistors 8 and 11 are connected to 
an output terminal (node B) of inverter 5, and gates of 
transistors 9 and 10 are connected to an output terminal 
(node C) of inverter 7. Accordingly, transistor 8 and 
transistor 11 turn on and off complementarily to each 
other, and transistor 9 and transistor 10 turn on and off 
complementarily to each other. The potential of node B 
and the potential of node C show phases different by 
delay time by two inverters (refer to FIG. 5 (a)), so that 
times are short in which both of transistors 8 and 9 are 
in ON states, and in which transistors 10 and 11 are both 
in ON states. On the other hand, the potential at a con 
necting point E of transistors 9 and 10 rises by high 
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voltage of power supply Vcc in response to turn-ON of 50 
both of transistors 8 and 9 and falls by ground potential 
in response to turn-ON of both of transistors 10 and 11. 
Accordingly, the potential at the node E has the same 
phase as that of the potential at node C, as shown by a 
solid line in FIG. 5 (b), and also more sharply changes 
than the potential at node C. That is, the potential wave 
form at node C is shaped and appear at node E. 
The potential at node E is transmitted to node J 

through inverters 25 and 26. The rise and fall of poten 
tial at node E is so sharp that the potential waveform at 
node E is transmitted to node J with its phase being not 
delayed almost at all by inverters 25 and 26 (refer to the 
broken line in FIG. 5 (b)). 

Potentials at nodes E and Jare both applied to a NOR 
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gate 17 and a NAND gate 16. Accordingly, an output of 65 
NOR gate 17 attains a high level only in a period in 
which both potentials of nodes E and G are at a low 
level as shown in FIG. 5 (d). On the other hand, an 

4. 
output of NAND gate 16 attains a low level in a period 
in which both of potentials of nodes E and G are at a 
high level as shown in FIG. 5 (c). 
An output of NOR gate 17 is inverted by inverter 18. 

Accordingly, an output of inverter 18 shows phase 
different from an output of NAND gate 16 by substan 
tially 180' as shown in FIG. 5 (e). An output of inverter 
18 and an output of NAND gate 16 are respectively 
inputted into charge pump circuits 50 and 51. Charge 
pump circuit 50 includes a capacitor 20 and a p channel 
MOS transistor 23 connected in series between an out 
put terminal (node G) of inverter 18 and substrate 130, 
and p channel MOS transistor 24 provided between a 
connecting point of capacitor 20 and transistor 23 and 
ground. Charge pump circuit 51 includes a capacitor 19 
and p channel MOS transistor 21 connected in series 
between an output terminal (node F) of NAND gate 16 
and substrate 130, and p channel MOS transistor 22 
provided between connection point of capacitor 19 and 
transistor 21 and ground. Each of transistors 23 and 21 
is diode-connected. ON/OFF of transistor 22 is con 
trolled by the potential at node I and ON/OFF of tran 
sistor 24 is controlled by the potential at node H. The 
back gate bias voltage of transistors 21 and 22 is output 
voltage of NAND gate 16 and back gate bias voltage of 
transistors 23 and 24 is output voltage of inverter 18. 

In the description below, potential higher and poten 
tial lower than potential intermediate between power 
supply voltage Vcc and ground voltage OV (Vcc/2) are 
respectively referred to as a high level voltage and a 
low level voltage. 

In charge pump circuit 50, when the potential at node 
G falls to ground potential from power supply potential 
Vcc, the potential at node I also starts decreasing by 
coupling of capacitor 20 in response to that. On the 
other hand, in charge pump circuit 51, the potential at 
node F increases from ground potential to power sup 
ply potential Vcc, so that the potential at node H starts 
increasing by coupling of capacitor 19. When transistor 
29 is brought into an OFF state with a potential increase 
at node H, accumulating of negative charge discharge 
from capacitor 20 is started at node I since a discharge 
path of capacitor 20 is disconnected. Thus, the potential 
at node I starts dropping to ground potential or below, 
and finally attains a negative potential (-Vcc) having 
an absolute value same as power supply potential Vcc. 
Accordingly, transistor 23 comes in an ON state and 
applies to substrate 130 potential (-Vcc-Vthp) higher 
than the potential (-Vcc) at node I by threshold value 
voltage Vthp of the p channel MOS transistor as sub 
strate bias VBB. On the other hand, since transistor 22 
turns on in response to fall of potential at node I, the 
potential at node Hattains ground potential higher than 
the potential at node K (-Vcc-Vthp). Accordingly, 
transistor 21 attains an OFF state. Transistor 23 is 
turned on to supply negative potential (-Vcc-Vthp) 
to substrate 130, and a state in which transistor 21 is in 
an OFF state is maintained for a period in which the 
potential at node G is at a low level (in a period in 
which the potential at node F is at a high level). 
On the contrary, at a fall of potential at node F, 

charge pump circuit 51 performs the same operation as 
that of charge pump circuit 50 at a fall of potential at 
node G. 
When the potential at node F falls from power supply 

potential Vcc to ground potential, the potential at node 
H also starts decreasing by coupling of capacitor 19 in 
response to that. On the other hand, since the potential 
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at node I increases in response to rise of potential at 
node G in charge pump circuit 50, transistor 22 is 
brought into an OFF state. Thus, the discharge path of 
capacitor 19 is cut off, so that the potential at node H 
decreases to negative potential (-Vcc) having the same 
absolute value as power supply potential Vcc. As a 
result, the potential at node K finally attains potential 
higher than the potential at node H by said threshold 
value voltage Vthp (-Vcc-Vthp). In charge pump. 
circuit 50, transistor 24 turns on upon fall of potential at 
node H in charge pump circuit 51 to bring node I into 
ground potential. Accordingly, transistor 23 comes in 
an OFF state in charge pump circuit 50. Such a condi 
tion under which transistor 23 is in an OFF state and 
transistor 21 outputs negative potential (-Vcc-Vthp) 
to substrate 130 is maintained for a period in which the 
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potential at node F is at a low level (a period in which 
the potential at node G is at a high level). 
As a result of such circuit operation, negative con 

stant potential (-Vcc-Vthp) is generated from the 
substrate bias generating circuit all the time. . 
Now, in view of reducing consumption power, a 

level inversion cycle of output potential of a ring oscil 
lator, (i.e., oscillation cycle of a ring oscillator) is set to 
be relatively long in a conventional substrate bias gener 
ating circuit. For example, in FIG. 4, if the oscillation 
cycle of ring oscillator 30 is short, output potential of 
each of inverters 1-7 attains a high level in a short cycle. 
Accordingly, the consumption power at ring oscillator 
30 increases. The oscillation cycle of a ring oscillator is 
therefor set to be relatively long. Specifically, the oscil 
lation frequency of a ring oscillator has been approxi 
mately 200 ns in conventional cases, but it is approxi 
mately 2 is for reducing consumption current pres 
ently. When the oscillation frequency of a ring oscilla 
tor is approximately 200 ns, the consumption power of 
the ring oscillator is approximately 40 uA, and the 
consumption current in the entirety of a substrate bias 
generating circuit is approximately 500 LA, but, when 
the oscillation frequency of a ring oscillator is approxi 
mately. 2 us, the consumption current of the ring oscilla 
tor is approximately 4 LA, and the consumption current 
in the entirety of the substrate bias generating circuit is 
approximately 15 A. 

For making the oscillation cycle of a ring oscillator 
long, a signal delay time of each inverter constituting 
the ring oscillator is set to be long. Accordingly, a size 
of a MOS transistor constituting each inverter is made 
small to reduce a driving capability of each inverter. 
When a size of a transistor constituting each inverter is 
small, potential at an output terminal of each inverter is 
not easily changed following change of output potential 
of an inverter at a previous stage, resulting in an in 
crease in a delay time in each inverter. Such a measure 
is taken in order to make an oscillation cycle of a ring 
oscillator long, so that a rising time and a falling time of 
output potential of a ring oscillator increase. That is, 
rounding occurs in an output potential waveform of a 
ring oscillator. Accordingly, the output potential of 
ring oscillator 30 in FIG. 4 (the potential at nodes B and 
C) rises and falls slowly as shown in FIG. 5(a). A wave 
form shaping circuit 40 is provided for removing such 
rounding of an output potential waveform of a ring 
oscillator. 
As described above, in a conventional substrate bias 

generating circuit having a structure in which two 
charge pumps are driven using outputs of two logic 
gates receiving outputs of a ring oscillator, a phase of 
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potential input into one charge pump circuit and a phase 
of potential input into the other charge pump circuit are 
set differing by 180°. This is for avoiding occurrence of 
a period in which both of input potential to the one and 
input potential to the other attain a low level. If both of 
input potentials attain a low level, problems as follows 
are caused. 

For example, in FIG. 4, suppose that the potential at 
node G falls from power supply potential Vcc to 
ground potential, and the potential at node F still re 
mains at a low level. In such a case, when the potential 
at node I is on the decrease, the potential at node H is 
still low level, and a period in which transistor 24 stays 
in an ON state is caused. In this period, since node I is 
rounded, the discharge path of capacitor 20 is not bro 
ken. Accordingly, the potential at node I does not de 
creases to potential (-Vcc) to which it originally 
should decrease, and gets near ground potential OV. On 
the other hand, if the potential at node G still stays at a 
low level at a time of potential fall at node F, since a 
period occurs in which transistor 22 stays in an ON state 
in charge pump circuit 51, the potential at node H does 
not sufficiently decreases and gets nearer to ground 
potential. As a result, substrate bias VBB gets higher 
than ideal potential (-Vcc-Vthp). 

In order to solve such a problem, a conventional 
substrate bias generating circuit is made so that the 
potential at node F and the potential at node G are 
always at complementary levels. However, with high 
scale integration of semiconductor integrated circuit 
devices in these days, there are some cases where even 
circuit elements originally to be formed having the same 
sizes must be formed having different sizes because of 
some reasons related to occupied areas on a semicon 
ductor substrate and the like. In the substrate bias gener 
ating circuit in FIG. 4 for example, capacitor 19 and 
capacitor 20 may be formed with different sizes on 
semiconductor substrate 130. Capacitors 19 and 20 are 
provided for accumulating negative charge for obtain 
ing negative potential having a relatively large absolute 
value. Accordingly, capacitances of capacitors 19 and 
20 must be certain values or larger. However, a size of 
either one of capacitor 19 and 20 may be sometimes 
made smaller in view of layout on a semiconductor 
substrate. 

Accordingly, in such a case, a method is taken in 
which a size of the other capacitor is made large. As a 
result, the capacitance of capacitor 19 and the capaci 
tance of capacitor 20 are not equal. Occurrence of un 
balance between capacitances of capacitors 19 and 20 
causes a period in which both of the potential at node F 
and the potential at node G are at a low level. 

If the capacitance of capacitor 19 and the capacitance 
of capacitor 20 are equal to each other, the capability of 
capacitor 20 to keep the potential at node G constant is 
equal to the capability of capacitor 19 to keep the poten 
tial at node F constant. Accordingly, the time required 
by the potential of node G to rise in response to rise of 
an output of inverter 18 and the time required by the 
potential of node F to rise in response to the rise of an 
output of NAND gate 16 are equal, and a time required 
by the potential at node G to fall in response to the rise 
of an output of inverter 18 and a time required by the 
potential at node F to fall in response to a fall of NAND 
gate 16 are also equal to each other. Accordingly, as 
shown in FIG. 5(f), the potential at node G is always at 
a high level when the potential at node F falls and the 
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potential at node F is always at a high level when the 
potential at node G falls. 
For example, however, if the capacitance of capaci 

tor 20 is extremely larger than the capacitance of capac 
itor 19, a time required by the potential of node G to fall 
in response to a fall of an output of inverter 18 is consid 
erably longer than a time required by the potential at 
node F to fall in response to a fall of potential at NAND 
gate 16. As a result, potentials at nodes F and G show 
waveforms as shown by a solid line and a broken line in 
FIG. 5 (g), respectively. As seen from FIG. 5 (g), a 
phenomenon occurs in which even when node Ffalls to 
a low level, the potential at node G still remains at a low 
level. On the other hand, if the capacitance of capacitor 
19 is extremely larger than the capacitance of capacitor 
20, a phenomenon occurs in which even if the potential 
at node G falls to a low level, the potential at node F 
still remains at a low level. 

If the capacitance of capacitor 20 is large, as shown in 
FIG. 9 (a), when the potential at node F attains a low 
level, the potential at node G is on the gradual increase 
from the potential it used to be (-Vcc). Accordingly, 
an instance exists at which the potential at node I attains 
potential (-Vcc-Vthp) at which transistor 22 can be 
brought into an ON state in a period in which the poten 
tial at node H is on the decrease. Next, the potential 
change of nodes in charge pumps 50 and 51 are specifi 
cally described referring to FIG. 9 in an example in 
which the capacitance of capacitor 20 is extremely 
larger than the capacitance of capacitor 19. 
FIG. 9 is a timing chart diagram illustrating operation 

of charge pumps 50 and 51 when the capacitance of 
capacitor 20 is much larger than the capacitance of 
capacitor 19. 
The potential of node G (FIG. 9 (a) completely 

attains a low level when a certain time has passed after 
the potential at node Frises to a high level and gradu 
ally starts rising at the time at which the potential at 
node F has almost completely fallen. Accordingly, as 
shown in FIGS. 9 (b) and (c), transistor 23 switches 
from an OFF state to an ON state when a certain time 
has passed after transistor 21 switches from an ON state 
to an OFF state, and, as shown in FIGS. 5 (e) and (f), 
transistor 22 switches from an ON state to an OFF state 
when a certain time has passed after transistor 24 had 
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switched from an OFF state to an ON state. Since tran 
sistor 23 is not brought into an ON state unless the 
potential at node I becomes lower than the substrate 
potential, it switches from an ON state to an OFF state 
somewhat later than transistor 22. Similarly, since tran 
sistor 21 does not attain an ON state unless the potential 
at node H becomes lower than the substrate potential, it 
switches to an ON state somewhat logging behind tran 
sistor 24. 
On the other hand, the potential at node H starts 

rising by the potential at a high level at node F in re 
sponse to switch of transistor 21 into an OFF state and 
attains power supply potential Vcc by change of transis 
tor 22 into an ON state thereafter, as shown by a solid 
line in FIG. 9 (d). Subsequently, the potential at node H 
starts falling in response to a fall of the potential at node 
F and attains - Vcc by the change of transistor 22 into 
an OFF state. 
The potential at node I slowly rises following the 
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55 

potential change at node G in response to the switch of 65 
transistor 23 into an OFF state as shown by a broken 
line in FIG. 9 (d) to attain power supply potential Vcc. 
Subsequently, the potential at node I gradually falls 

8 
following the fall of potential at node G in response to 
switch of transistor 24 into an OFF state to attain 
-Vcc. 
Accordingly, in the period in which the potential at 

node I is decreasing, an instance at which both of tran 
sistors 23 and 24 attain an ON state does not occur, but 
when the potential at node H is decreasing, an instance 
T occurs at which both transistors 21 and 22 are at an 
ON state. Accordingly, node K is instantly grounded 
through transistors 23 and 24 to increase the potential at 
node K. Such a phenomenon is caused every time the 
potential at node Ffalls, so that the potential at node K 
becomes stable at potential somewhat higher than 
(-Vcc-Vthp) as shown in FIG. 9 (g) after starting 
operation of ring oscillator 30. 
On the other hand, if the capacitance of capacitor 19 

is large, the potential at node H is gradually increasing 
from the potential (-Vcc) it used to be when the poten 
tial at node G attains a low level. Accordingly, an in 
stance occurs at which transistor 24 is brought into an 
ON state in a period in which the potential at node I is 
decreasing. Accordingly, in such a case, a phenomena 
occurs in which node K is grounded every time the 
potential at node G falls. Therefore, also in such a case, 
the potential at node K becomes stable at potential 
higher than original potential (-Vcc --Vthp) as shown 
in FIG. 9 (g). 

FIG. 10 is a graph schematically showing change of 
substrate potential, i.e. the potential at node K in FIG. 
4, after a time of starting operation of a conventional 
substrate bias generating circuit. 

Referring to FIG. 10, when the substrate potential is 
OV immediately before the substrate bias generating 
circuit operates, the potential at node K actually de 
creases gradually as shown by the solid line. If an in 
stance does not occur at which the potential at node G 
and the potential at node F simultaneously attain a low 
level in FIG. 4, the potential at node K, thereafter, as 
shown by the broken line, is stabilized at potential 
higher than negative potential (-Vcc) having an abso 
lute value the same as the power supply potential by 
threshold value voltage Vthp of a P channel MOS tran 
sistor. If an instance occurs at which the potential at 
node G and the potential at node F both attain a low 
level simultaneously, however, the potential at node K 
becomes stabilized at potential higher than such poten 
tial (-Vcc--Vthp) after that. 
As described above, if there exists significant differ 

ence in capacitance between capacitors 20 and 19 re 
spectively included in charge pump circuits 50 and 51, 
sufficient amount of negative charge is not accumulated 
in these charge pump circuits. Accordingly, a conven 
tional substrate bias generating circuit had a problem 
that a generating efficiency of substrate bias VBB be 
comes inferior if the difference in capacitance is large 
between a capacitor included in one of two charge 
pump circuits and a capacitor included in the other. 

Because as the oscillation frequency of a ring oscilla 
tor is lower, the rounding of an output potential wave 
form of the ring oscillator is larger, the rounding is 
likely to be caused in the potential waveform appearing 
at an input end (nodes F and G in FIG. 4) of a charge 
pump in a substrate bias generating circuit when the 
capacitances of capacitors 19 and 20 in the charge pump 
are larger. Accordingly, since oscillation frequency of a 
ring oscillator is presently set low, problems as men 
tioned above are more serious. 
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In order to avoid such a problem, for example in FIG. 
4, the following method is a possibility in which it is 
made easier that the potential at node G changes follow 
ing the change in potential of an output of inverter 18 by 
making driving capability of inverter 18 large (when the 
capacitance of capacitor 20 is large), or it is made easy 
that the potential at node F changes following change in 
potential of an output of NAND gate 16 by making 
driving capability of NAND gate 16 large (when capac 
itance of capacitor 19 is large). However, according to 
such a method, inverter 18 and NAND gate 16 must be 
made large in size, resulting in a new problem of an 
increase in consumption power. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
substrate bias generating device capable of generating 
substrate bias efficiently. 

It is another object of the present invention to pro 
vide a substrate bias generating device which surely 
generates substrate bias sufficiently lower than ground 
potential. 

It is still another object of the present invention to 
provide a substrate bias generating device which can 
surely generates substrate bias sufficiently lower than 
ground potential using at least two charge pump cir 
cuits. 

It is yet another object of the present invention to 
provide a substrate bias generating device capable of 
surely generating substrate bias sufficiently lower than 
ground potential regardless of difference in capacitance 
between a capacitor included in a first charge pump 
circuit and a capacitor included in a second charge 
pump circuit. 

It is still another object of the present invention to 
provide a substrate bias generating device efficiently 
generating substrate bias without causing an increase in 
consumption current. 

It is yet another object of the present invention to 
provide a substrate bias generating device which surely 
generates substrate bias at a predetermined potential 
regardless of difference in capacitance between a capac 
itor included in a first charge pump circuit and a capaci 
tor included in a second charge pump circuit without 
making large driving capability of a circuit driving the 
first charge pump circuit and the driving capability of a 
circuit driving the second charge pump circuit. 

In order to achieve the above-mentioned objects, a 
substrate bias generating circuit according to the pres 
ent invention includes a ring oscillator including a plu 
rality of inverter circuits serially connected in a ring, a 
first signal generating circuit, a second signal generating 
circuit, and first and second charge pump circuits re 
spectively provided corresponding to the first and sec 
ond signal generating circuits. 
The first signal generating circuit supplies a first logic 

signal having a periodically inverting logical level in 
verting in a certain cycle on the basis of a first output 
signal of the ring oscillator. The second signal generat 
ing circuit generates in a first period in which an output 
signal of the first signal generating circuit is at a first 
logic level, a second logic signal having a second logic 
level during the first period for a second period shorter 
than the first period, and generates a signal having the 
first logic level in other periods. The first charge pump 
circuit includes a first capacitance coupling element 
charged in response to the first output signal having the 
first logic level of an output signal of the first signal 
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generating means, and a first discharging circuit for 
discharging the first capacitance coupling element to a 
semiconductor substrate in response to the second out 
put signal having the second logic level. Similarly, the 
second charge pump circuit includes a second capaci 
tance coupling element charged in response to the sec 
ond output signal having the first logic level of an out 
put signal of the second signal generating circuit and a 
second discharging circuit for discharging the second 
capacitance coupling element to the semiconductor 
substrate in response to the second output signal having 
the second logic level. 
The first capacitance coupling element is connected 

to a predeterminal potential souece in response to the 
second output signal having the second logic level. The 
second capacitance poupling element is connected to 
the potential source in response to the first output signal 
having the second logic level. 

Preferably, first, second and third signals having pha 
ses a little bit different from each other are obtained 
from the ring oscillator, the first signal generating cir 
cuit includes a first signal producing circuit and a first 
logic gate circuit, and the second signal generating 
circuit includes a second signal producing circuit and a 
second logic gate circuit. The first signal producing 
circuit produces a fourth signal on the basis of first and 
second signals from the ring oscillator. On the other 
hand, the second signal producing circuit produces a 
fifth signal having phase different from the fourth signal 
on the basis of second and third signals from the ring 
oscillator circuit. The first logic gate circuit has the 
fourth and fifth signals as input, and outputs a signal of 
the second logic level when both of them are at prede 
termined logic levels. On the other hand, the second 
logic gate circuit has the fourth and fifth signals as 
inputs, and outputs a signal of the first logic level when 
at least one of them is at the predetermined logic level. 
According to another aspect, a substrate bias generat 

ing device according to the present invention includes a 
first charge pump circuit including a first capacitance 
coupling element which is charged in response to a 
signal of a first logic level and a first electric path circuit 
for discharging the first capacitance coupling element, a 
second charge pump circuit including a second capaci 
tance coupling element which is charged in response to 
the first logic level signal and a second electric path 
circuit for discharging the second capacitance coupling 
element, a first signal providing circuit and a second 
signal providing circuit. 
The first signal providing circuit provides a signal of 

the first logic level in predetermined periods at constant 
intervals to the first capacitance coupling element. The 
second signal providing circuit provides in the predeter 
mined period in which an output signal of the first signal 
providing circuit attains the first logic level a signal of 
the second logic level in a period shorter than the pre 
determined period and provides the first logic level 
signal in other periods. 
Each of the first and second electric path circuits is 

activated in response to a signal of the second logic 
level. 

In the substrate bias generating device, there further 
provided a first connecting circuit responsive to a signal 
of the first logic level from the first signal providing 
circuit for electrically connecting a connection point of 
the first capacitance coupling element and the first elec 
tric path circuit to the substrate, and a second connect 
ing circuit responsive to a signal of the second logic 
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level from the second signal providing circuit for elec 
trically connecting a connection point of the second 
capacitance coupling element and the second electric 
path circuit to the substrate. 

In order to achieve the above-described objects, a 
method of operating a substrate bias generating circuit 
according to the present invention is applied to a sub 
strate bias generating circuit including a first charge 
pump circuit including a first capacitance coupling 
element charged in response to a signal of a first logic 
level and a first discharge circuit discharging the first 
capacitance coupling element to a semiconductor sub 
strate in response to a signal having a second logic level 
and a second charge pump circuit including a second 
capacitance coupling element charged in response to a 
signal of the first logic level and a second discharge 
circuit discharging the second capacitance coupling 
element to a semiconductor substrate in response to a 
signal having the second logic level, and includes the 
steps of generating a first signal having its logic level 
inverting at constant cycle, generating a second signal 
which attains, in a first period in which the generated 
first signal is at the first logic level, the second logic 
level during the first period for a second period shorter 
than the first period and attains the first logic level in 
other periods, supplying the generated first signal to the 
first capacitance element, supplying the generated sec 
ond signal to the second capacitance coupling element, 
electrically connecting the first capacitance coupling 
element to a predetermined potential source in response 
to the second signal having the second logic level, and 
electrically connecting the second capacitance coupling 
element to the potential source in response to the first 
signal having the second logic level. 
A substrate bias generating device and an operating 

method thereof according to the present invention are 
configured as described above, so that a time in which 
a signal to be supplied to a second capacitance coupling 
element attains a first logic level and then a signal to be 
supplied to a first capacitance coupling element attains 
a second logic level, and a time in which a signal to be 
supplied to a first capacitance coupling element attains 
the first logic level and a signal to be supplied to a sec 
ond capacitance coupling element attains the second 
logic level are longer than those in a conventional case. 
Accordingly, a possibility is reduced that the second 
capacitance coupling element is connected to the prede 
termined potential source in a period in which a signal 
supplied to the second capacitance coupling element is 
at the second logic level in the second charge pump 
circuit when a rising rate and a falling rate of a signal 
supplied to the first capacitance coupling element are 
slow. Similarly, a possibility is also reduced that the first 
capacitance coupling element is connected to the prede 
termined potential source during a period in which a 
signal supplied to the first capacitance coupling element 
is at the second logic level in the first charge pump 
means when rising rate and falling rate of a signal sup 
plied to the second capacitance coupling element are 
slow. Accordingly, negative charge discharged from 
each of the first and second capacitance coupling ele 
ments is sufficiently supplied to the substrate. 

Accordingly, according to the present invention, an 
operation margin of a charge pump circuit can be made 
larger without enhancing the driving capability of a 
circuit provided at a previous stage of a charge pump 
circuit or providing a new delay circuit. As a result, 
without occurrence of demerits such as an increase of 
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consumption power, the performance of a substrate bias 
generating device can be considerably improved. Ac 
cordingly, in a semiconductor integrated circuit device 
in which a substrate bias generating device according to 
the present invention is provided, a possibility of occur 
rence of malfunctions due to potential of a semiconduc 
tor substrate is reduced as compared to conventional 
cases, so that an improvement of performance of a semi 
conductor integrated circuit device requiring a sub 
strate bias generating device is expected. 
The foregoing and other objects, features, aspects 

and advantages of the present invention will become 
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more apparent from the following detailed description 
of the present invention when taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram conceptually illustrating configu 
ration of a substrate bias generating circuit of one em 
bodiment of the preset invention. 
FIG. 2 is a circuit diagram specifically illustrating 

structure of a substrate bias generating circuit of an 
embodiment. 

FIGS. 3(a)-3(h) are timing chart diagrams for de 
scribing operation of a substrate bias generating circuit 
shown in FIGS. 1 and 2. 

FIG. 4 is a circuit diagram showing structure of a 
conventional substrate bias generating circuit. 

FIGS. 5(a)-5(g) are timing chart diagrams for de 
scribing operation of the substrate bias generating cir 
cuit shown in FIG. 4. 

FIG. 6 is a diagram showing entire structure of a 
semiconductor integrated circuit device having a sub 
strate bias generating circuit. 

FIG. 7 is a diagram illustrating one example of a 
sectional view of a semiconductor integrated circuit 
device having an MOS transistor as a component. 

FIG. 8 is a graph showing relationship between a 
threshold value voltage of a MOS transistor and poten 
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tial of a substrate in which the MOS transistor is 
formed. 

FIGS. 9(a)-9(g) are timing chart diagrams illustrating 
operation of charge pumps 50 and 51 when the capaci 
tance of capacitor 20 is much larger than the capaci 
tance of capacitor 19 in the substrate bias generating 
circuit of FIG. 4. 
FIG. 10 is a graph illustrating change in the substrate 

potential in a semiconductor device in which a conven 
tional substrate bias generating circuit is employed. 

FIGS. 11(a)-11(g) are timing chart diagrams illustrat 
ing operation of charge pumps 50 and 51 when the 
capacitance of capacitor 20 is much larger than the 
capacitance of capacitor 19 in the substrate bias generat 
ing circuit of FIG. 2. 

FIG. 12 is a graph illustrating change in substrate 
potential in a semiconductor device in which a substrate 
bias generating circuit of the present invention is em 
ployed. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a diagram conceptually illustrating configu 
ration of a substrate bias generating circuit of one em 
bodiment of the present invention. Referring to FIG. 1, 
a substrate bias generating circuit of the present en 
bodiment includes a ring oscillator 30, two waveform 
shaping circuits 40 and 41, 2-input NOR gate 17 and 
2-input NAND gate 16, two delay circuits 60 and 61, 
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and two charge pump circuits 50 and 51 which operate 
relating to each other. 

Ring oscillator 30 has the same structure as that in the 
conventional substrate bias generating circuit shown in 
FIG. 4. However, unlike the conventional case, not 
only output potentials of inverters 5 and 6 but also out 
put potential of inverter 3 are used as outputs of ring 
oscillator 30. While waveform shaping circuit 40 shapes 
an output potential waveform of ring oscillator 30 on 
the basis of the potential of nodes B and C similarly to 
the conventional case, waveform shaping circuit 41 
shapes an output potential waveform of ring oscillator 
30 on the basis of potentials at nodes A and B. 

FIG. 3 is a timing chart diagram for describing opera 
tion of a substrate bias generating circuit of the present 
embodiment. In the description below, FIG. 3 is also 
referred to. 
As shown in FIG.3(a), potential waveforms of nodes 

A, B and C are substantially in phase, and the potential 
waveform at node A shows phase in advance of the 
potential waveform of node B by a delay time of two 
inverters, and the potential waveform of node C shows 
phase lagging behind the potential waveform of node B 
by the delay time of two inverters. Accordingly, the 
output potential waveform of waveform shaping circuit 
40 and the output potential waveform of waveform 
shaping circuit 41 have difference in phase correspond 
ing to the delay time of four inverters as shown in FIG. 
3 (b). 

Output potentials of waveform shaping circuits 40 
and 41 are inputted into NOR gate 17 and NAND gate 
16. An output of NAND gate 16 attains a low level only 
in a period where the potential of node E (output poten 
tial of waveform shaping circuit 40) and the potential at 
node D (output potential of waveform shaping circuit 
41) are both at a high level, so that it shows the wave 
form shown in FIG. 3 (c). On the other hand, an output 
of NOR gate 17 attains a high level only in a period in 
which potentials of nodes E and D are both at a low 
level, so that it shows the waveform as shown in FIG. 
3(d). As seen from FIGS. 3 (c) and (d), different from a 
conventional case, a period in which an output of NOR 
gate 17 is at a high level is completely included in a 
period in which output potential of NAND gate 16 is at 
a high level. It will be revealed in the description below 
that such a relationship between the output potential 
waveform of NOR gate 17 and the output potential 
waveform of NAND gate 16 enables efficient operation 
of charge pump circuits 50 and 51. 
An output of NOR gate 17 is applied to charge pump 
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circuit 50 through delay circuit 60. Similarly, an output 
of NAND gate 16 is applied to charge pump circuit 51 
through delay circuit 61. Similarly to a conventional 
case, an output terminal of charge pump circuit 50 and 
an output terminal of charge pump circuit 51 are con 
nected to each other at a node K connected to semicon 
ductor substrate 130. Delay circuits 60 and 61 are pro 
vided as needed for converting output potential wave 
forms of logic gates 16 and 17 so that negative charge of 
an amount corresponding to the negative voltage to be 60 
supplied to semiconductor substrate 130 are alternately 
accumulated in charge pump circuits 50 and 51 in re 
sponse to outputs of two logic gates 16 and 17. 

FIG. 2 is a circuit diagram showing specific configu 
ration of a substrate bias generating circuit of the pres 
ent embodiment. Referring to FIG. 2, waveform shap 
ing circuits 40 and 41 have the same structure as con 
ventional ones shown in FIG. 4. In waveform shaping 

55 

65 

14 
circuit 41, potential at a node B is applied to gates of a 
p channel MOS transistor 13 and a n channel MOS 
transistor 14, and potential at a node A is applied to a p 
channel MOS transistor 12 and a n channel MOS tran 
sistor 15. In FIG. 1, delay circuits 60 and 61 are pro 
vided as needed in order to make phase of an input 
signal into charge pump circuit 50 and phase of an input 
signal into charge pump circuit 51 complimentary with 
each other. Specifically, since an output signal of NOR 
gate 17 and an output signal of NAND gate 16 are in the 
same phase, at least one of delay circuits 60 and 61 is 
required. As the one, an inverter is employed. When a 
plurality of inverters are used as either one of delay 
circuits 60 and 61, it is necessary to use inverters of 
which number is larger (or smaller) by one than the 
number of these inverters. In the present embodiment, 
an inverter 18 is employed as the above-described delay 
circuit 60, and the delay circuit 61 is not required since 
an input signal into charge pump circuit 50 and an input 
signal into charge pump circuit 51 are in opposite phase 
by using inverter 18 as delay circuit 60. Charge pump 
circuits 50 and 51 have the same structure as conven 
tional ones shown in FIG. 4. 
The potential waveform at node G shows phase 

which differs from the output potential waveform of 
NOR gate 17 substantially by 180, which is shown in 
FIG. 3 (e). Accordingly, as shown in FIG. 3 (f), both of 
the time in which the potential of node F attains a high 
level and the potential at node G attains a low level, and 
the time in which the potential of node G attains a high 
level and the potential at node F attains a low level 
considerably increase as compared to conventional 
cases (compared with FIG. 5 (f)). Accordingly, when 
the capacitance of capacitor 19 and the capacitance of 
capacitor 20 are equal to each other and a rise speed and 
a fall speed of each of nodes F and G are fast as shown 
in FIG. 3 (f), charge pump circuits 50 and 51 respec 
tively output to node K potential (-Vcc-Vthp) which 
is higher than negative potential (-Vcc) having an 
absolute value same as power supply potential Vcc by a 
threshold value voltage Vthp of a p channel MOS tran 
sistor in response to a fall of potential at node G and a 
fall of potential at node F. For example, when the po 
tential at node G falls, node F has already attained 
power supply potential Vcc. Accordingly, when the 
potential of node G has fallen, node H is always at a 
high potential capable of bringing transistor 24 into an 
OFF state, so that the potential at node I decreases to 
-Vcc by negative charge discharged from capacitor 
20. That is, predetermined negative potential 
(-Vcc-Vthp) is outputted as substrate bias VBB from 
charge pump circuit 50 in response to a fall of potential 
at node G. On the other hand, when the potential of 
node F falls, the potential at node G has already at 
tained power supply potential Vcc. Accordingly, upon 
a fall of potential at node F, node I is necessarily at a 
high potential capable of bringing transistor 22 into an 
OFF state, so that the potential at node H decreases to 
-Vcc. Thus, the predetermined negative potential 
(-Vcc-Vthp) is outputted as substrate bias VBB from 
charge pump circuit 51 in response to a fall of charge of 
node F. 

Next, suppose a case where the capacitance of capaci 
tor 20 is much larger than the capacitance of capacitor 
19. In such a case, as shown in FIG. 3 (g), the fall and 
the rise of the potential at node F are made rapidly, but 
the rise and the fall of the potential at node G are very 
slow. In a conventional substrate bias generating cir 
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cuit, when such a phenomenon occur, a period in which 
potentials at both of nodes F and G attain a low level 
occurs to cause a problem that substrate bias VBE out 
putted by charge pump circuits 50 and 51 output poten 
tial higher than potential originally to be outputted 5 
(-Vcc --Vthp). In the present embodiment, however, 
as clearly seen from FIG. 3 (g), when the potential at 
node F falls, the node G is already at a high level, so 
that the potential at node I has increased to potential 
capable of bringing transistor 22 into an OFF state. 10 
Accordingly, the potential at node H surely decreases 
to -Vcc in response to fall of potential at node F, so 
that predetermined negative potential (-Vcc--Vthp) is 
outputted from charge pump circuit 51. When node G 
falls, the potential at node F is already power supply 15 
potential Vcc, so that the potential at node I decreases 
to -Vcc and then predetermined negative potential 
(-Vcc-Vthp) is outputted from charge pump circuit 
SO, 

FIG. 11 is a timing chart illustrating operation of 20 
charge pumps 50 and 51 when the capacitance of capac 
itor 20 is extremely larger than the capacitance of ca 
pacitor 19. Referring to FIG. 11, the potential change at 
nodes in charge pump circuits 50 and 51 in FIG. 2 will 
be described more specifically below. 25 

Different from a conventional case, as shown in FIG. 
11 (a), the potential at node G starts falling when a 
certain time has passed after the potential at node F had 
risen to a high level and starts increasing at a time ear 
lier than the fall time of the potential at node F, so that, 30 
as shown in FIGS. 11 (b) and (c), transistor 23 switches 
from an ON state to an OFF state at a time earlier than 
the switch of transistor 21 from an OFF state to an ON 
state. Furthermore, as shown in FIGS. 11 (e) and (f), 
transistor 22 switches from an OFF state to an ON state 35 
later than a conventional case after transistor 24 
changes from an ON state to OFF state, and switches 
from an ON state to an OFF state earlier than a conven 
tional case after transistor 24 changes from an OFF 
state to an ON state. 40 

Accordingly, the potential at node I starts falling 
sufficiently later than a rise of potential at node H 
(shown by the solid line in FIG. 11 (d)) and starts rising 
sufficiently earlier than a fall of potential at node H. 
Accordingly, an instance at which transistor 22 attains 45 
an ON state does not occur in a period during which 
transistor 21 is in an ON state, so that the phenomenon 
of node K being grounded does not occur. That is, the 
potential at node K is stabilized at original output poten 
tial (-Vcc-Vthp) of transistors 21 and 23 in the case 50 
where gate potential is -Vcc as shown in FIG. 11 (g). 
On the other hand, suppose a case in which capaci 

tance of capacitor 19 is extremely larger than the capac 
itance of capacitor 20. In such a case, conventionally, a 
period occurs in which transistor 24 is brought into an 55 
ON state when the potential at node G is at a low level 
to cause a problem that potential higher than predeter 
mined potential is outputted from charge pump circuit 
50. However, in the present embodiment, as shown in 
FIG. 3 (h), the fall of potential of node F is not sharp, 60 
but the potential at node F has already attains a high 
level when the potential at node G falls. Accordingly, 
when potential at node G falls, node H is already at 
potential capable of bringing transistor 24 into an OFF 
state. Accordingly, the potential at node I surely de- 65 
creases to - Vcc in response to a fall of potential at 
node G. That is, charge pump circuit 50 surely outputs 
predetermined negative potential (-Vcc-Vthp) in 

16 
response to a fall of potential at node G. When the 
potential at node F falls, the potential at node G has 
already attained power supply potential Vcc, so that 
charge pump circuit 51 surely outputs predetermined 
negative potential (-Vcc-Vthp) in response to a fall 
of potential at node F. 

FIG. 12 is a graph schematically illustrating change 
of substrate potential (potential at node K) from a time 
at which the substrate bias generating circuit starts 
operating in a semiconductor device in which the sub 
strate bias generating circuit of the present invention is 
used. In FIG. 12, the case is illustrated in which the 
substrate potential just before operation of the substrate 
bias generating circuit is OV. Also, in FIG. 12, the bro 
ken line indicates change of the substrate potential in a 
semiconductor device in which a conventional sub 
strate bias generating circuit is used. 

Referring to FIG. 12, in the semiconductor device in 
which the substrate bias generating circuit of the pres 
ent invention is used, the potential at node K starts 
falling at a speed faster than that in the semiconductor 
device in which the conventional substrate bias generat 
ing circuit is used in response to start of operation of 
ring oscillator 30 as shown by the solid line, and be 
comes stable at -Vcc-Vthp which is potential lower 
than the potential forced by the conventional substrate 
bias generating circuit. That is, according to the present 
invention, the substrate is biased more rapidly than the 
conventional case to potential lower than the conven 
tional case. 
As described above, according to the substrate bias 

generating circuit of the present invention, as an in 
stance at which node K connected to the substrate is 
grounded in either one of charge pumps 50 and 51 does 
not occur, a decrease of potential at node K is not pre 
vented. As a result, the potential of node Kfalls more 
rapidly than a conventional case. 
As described above, in the substrate bias generating 

circuit, since signals having large difference in phase are 
inputted into charge pump circuits 50 and 51, even if the 
capacitance of capacitor 19 and the capacitance of ca 
pacitor 20 extremely differ from each other, negative 
potential can be obtained efficiently from charge pump 
circuits 50 and 51. 
As the difference in capacitance between capacitor 19 

and capacitor 20 is made larger, the difference between 
a fall speed at node G and a rise speed of node F and the 
difference between a fall speed at node F and a rise 
speed of node G increase. Accordingly, a time in which 
the potential at node G attains a low level after the 
potential at node F attains a high level, and a time in 
which the potential at node F attains a low level after 
the potential at node G attains a high level are short 
ened. Accordingly, for surely placing the potential at 
node F at a high level upon a fall of potential at node G 
and surely placing the potential at node G at a high 
level upon a fall of the potential at node F, the differ 
ence in phase between the output potential of NOR gate 
17 and the output potential of NAND gate 16 must be 
set according to the difference between capacitance of 
capacitor 19 and capacitance of capacitor 20. Of course, 
as the phase difference becomes larger, the difference in 
capacitance between capacitors 19 and 20 which will 
produce a period in which both of potentials at nodes F 
and G are at the low level increases. That is, as the 
phase difference is larger, the risk of occurrence of a 
period in which both of potentials at nodes F and G are 
at the low level decreases. The phase difference be 
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tween output potential of NAND gate 16 and output 
potential of NOR gate 17 increases as the phase differ 
ence between potential at node D and potential at node 
E, that is, the phase difference between potential at 
node A and potential at node Cincreases. Accordingly, 
in order to make large operation margin of charge pump 
circuits 50 and 51, a determination as to which of output 
potentials of inverters 1-7 are to be used as an outputs of 
ring oscillator 30 should be made so that the difference 
in phase between input potential into waveform shaping 
circuit 40 and input potential of waveform shaping 
circuit 41 becomes larger. 

In practice, when a ring oscillator in which oscillat 
ing frequency is set to be long for decreasing consump 
tion power is employed in each of a conventional sub 
strate bias generating circuit shown in FIG. 4 and a 
substrate bias generating circuit of the present embodi 
ment, the difference in phase between potential at node 
D and potential at node E in the present embodiment 
can be one hundred times that of the conventional one. 
Accordingly, according to the present embodiment, the 
operation margin of charge pump circuits 50 and 51 can 
be made extremely larger as compared to the conven 
tional case. 
As described above, according to the present embodi 

ment, without adding a new delay circuit for avoiding 
occurrence of a period in which potentials at both nodes 
F and G attain a low level, and without increasing sizes 
of a logic gate or the like provided in a previous stage of 
charge pump circuits 50 and 51, predetermined negative 
potential can be surely obtained from charge pump 
circuits 50 and 51 even when capacitance of capacitor 
19 and capacitance of capacitor 20 differ from each 
other. 
Although the present invention has been described 

and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
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not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
of the appended claims. 
What is claimed is: 
1. A substrate bias generating circuit for providing a 

bias voltage to a semiconductor substrate as substrate 
bias, comprising 

a ring oscillator having a plurality of inverter means 
serially connected in a ring; 

45 

first signal generating means responsive to a first and 
a second output signal of said ring oscillator for 
supplying a first logic signal having a periodically 
inverting logical level; 

second signal generating means responsive to the 
second and a third output signal of said ring oscilla 
tor for supplying, in a first period in which an 
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second logic signal having said first logic level 
from said second signal generating means and sec 
ond discharge means for discharging said second 
capacitance coupling element to said semiconduc 
tor substrate responsive to said first logic signal 
having first level. 

2. The substrate bias generating circuit according to 
claim 1, wherein 

said ring oscillator generates a plurality of signals 
including the first, second and third output signals 
having predetermined phase differences from each 
other, 

said first signal generating means comprises first sig 
nal producing means and first logic gate means, and 
said second signal generating means comprises 
second signal producing means and second logic 
gate means, 

said first signal producing means produces a fourth 
signal in response to said first and second output 
signals, 

said second signal producing means generates a fifth 
signal having predetermined phase difference from 
that of said fourth signal in response to said second 
and third output signals, 

said first logic gate means outputs a signal at said 
second logic level when both of said fourth and 
fifth signals are at a predetermined logic level, and 

said second logic gate means outputs a signal at said 
first logic level when at least one of said fourth and 
fifth signal is at said predetermined logic level. 

3. The substrate bias generating circuit according to 
claim 2, wherein 

said first logic gate means comprises 2-input NAND 
gate using said fourth and fifth signals as inputs, 
and, 

said second logic gate means comprises 2-input OR 
gate using said fourth and fifth signals as inputs. 

4. The substrate bias generating circuit according to 
claim 1, wherein 

said first signal producing means comprises first 
waveform shaping means for waveform-shaping 
said first output signal in response to said second 
output signal, and 

said second signal producing means comprises second 
waveform shaping means for waveform-shaping 
said third output signal in response to said second 
output signal. 

5. The substrate bias generating circuit according to 
claim 1, wherein said first logic level is a high level and 
said second logic level is a low level. 

6. The substrate bias generating circuit according to 
claim 3, wherein said first charge pump means further 

output signal of said first signal generating means is . 
at a first logic level, a second logic signal having a 
second logic level during said first period for a 
second period shorter than said first period, and 
having said first logic level in other periods; 

first charge pump means including a first capacitance 
coupling element charged in response to said first 
logic signal having said first logic level from said 
first signal generating means and first discharge 
means for discharging said first capacitance cou 
pling element to said semiconductor substrate re 
sponsive to said second logic signal having said 
first logic level; and 

second charge pump means including a second capac 
itance coupling element charged in response to said 
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comprises a first switching element connected between 
said first capacitance coupling element and a predeter 
mined potential source and controlled by an output of 
said second logic gate means, and 

said second charge pump means further comprises a 
second switching element connected between said 
second capacitance coupling element and said pre 
determined potential source and controlled by an 
output of said first logic gate means. 

7. The substrate bias generating circuit according to 
claim 6, wherein 

first discharge means comprises a third switching 
element for electrically connecting said first capac 
itance coupling element to said substrate in re 
sponse to an output signal at said second logic level 
of said first signal generating means, and 
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second discharge means comprises a fourth switching 
element for electrically connecting said second 
capacitance coupling element to said substrate in 
response to an output signal at said second logic 
level of said second signal generating means. 

8. A substrate bias generating device for providing 
predetermined voltage to a semiconductor substrate as 
substrate bias, comprising: 

first charge pump means including first capacitance 
coupling element charged in response to a signal at 
a first logic level and first electric path circuit 
means for coupling said first capacitance coupling 
element to ground; 

second charge pump means including a second capac 
itance coupling element charged in response to a 
signal at said first logic level and second electric 
path circuit means for coupling said second capaci 
tance coupling element to ground; 

each of said first and second electric path circuit 
means being activated in response to a signal of a 
second logic level; 

oscillating means for generating a periodic signal; 
first signal providing means responsive to the oscillat 

ing means for applying a signal at said first logic 
level in predetermined periods at constant intervals 
to said first capacitance coupling element; 

second signal providing means responsive to the os 
cillating means for providing, in said predeter 
mined period in which an output signal of said first 
signal providing means attains said first logic level, 
a signal at said second logic level to said second 
capacitance coupling element in a periods shorter 
than said predetermined periods, and for providing 
a signal at said first logic level in other periods; 

first connecting means for electrically connecting a 
connection point of said first capacitance coupling 
element and said first electric path circuit means to 
said substrate in response to a signal at said second 
logic level from said first signal providing means; 
and 

second controlling means for electrically connecting 
a connecting point of said second capacitance cou 
pling element and said second electric path circuit 
means to said substrate in response to a signal at 
said second logic level from said second signal 
providing means. 

9. The substrate bias generating device according to 
claim 2, wherein said first, second and third signals are 
outputs of different three inverter means of said plural 
ity of inverter means. 

10. A semiconductor device with a substrate bias 
generating circuit for applying a substrate bias potential 
to said substrate, said substrate bias generating circuit 
comprising: 
a signal generating means for generating first through 

third signals, said second signal being delayed with 
respect to said first signal, said third signal being 
delayed with respect to said second signal; 

first waveform shaping means responsive to said first 
and second signals for providing a first shaped 
signal; 

second waveform shaping means responsive to said 
third and second signals for providing a second 
shaped signal; 

first logic means responsive to said first and second 
shaped signals for providing a first logic signal; 

second logic means responsive to said first and sec 
ond shaped signals for providing a second logic 
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signal which relates to an inverted signal of said 
first logic signal; 

a first charge pump means including a first capaci 
tance coupling element charged in response to said 
first logic signal and an output node connected to 
said substrate; and 

a second charge pump means including a second 
capacitance coupling element charged in response 
to said second logic signal and an output node 
connected to said substrate. 

11. A substrate bias generating circuit for providing a 
bias voltage to a semiconductor substrate comprising: 
an oscillator for providing a reference signal and first 
and second clock signals of first and second phases; 

a first signal generator responsive to said reference 
signal and said first clock signal for supplying a 
periodically inverting first charge pump control 
signal having a first level for a first period of each 
cycle and a second level for a second period of 
each cycle; 

a second signal generator responsive to said reference 
signal and said second clock signal for supplying a 
periodically inverting second charge pump control 
signal having said second level during each cycle 
only during the first period of said first charge 
pump control signal and for a period less than said 
first period; 

first charge pump means including a first capacitor 
and a first switching means, said first switching 
means responsive to said first level of said first 
charge pump control signal for charging said first 
capacitor and to said first level of said second 
charge pump control signal for discharging said 
first capacitor to said semiconductor substrate; and 

second charge pump means including a second capac 
itor and a second switching means, said second 
switching means responsive to said first level of 
said second charge pump control signal for charg 
ing said first capacitor and to said second level of 
said first charge pump control signal for discharg 
ing said second capacitor to said semiconductor 
substrate. 

12. The substrate bias generating circuit according to 
claim 11, wherein said first level is a logical high level 
and said second level is a logical low level. 

13. A method of operating a substrate bias generating 
circuit providing a bias voltage to a semiconductor 
substrate as substrate bias and 

including a first capacitance coupling element 
charged in response to a first signal at a first logic 
level and discharged to said semiconductor sub 
strate in response to a second signal having a first 
logic level, and 

a second capacitance coupling element charged in 
response to said second signal at said first logic 
level and discharged to said semiconductor sub 
strate in response to said second signal having said 
first logic level, 

said operating method comprising the steps of: 
generating said first signal which has a periodically 

inverting logic level; 
generating said second signal which attains, in a first 

period in which said generated first signal is at said 
first logic level, said second logic level during said 
first period for a second period shorter than said 
first period and attains said first logic level in other 
periods; 
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supplying said generated first signal to said first ca- response to said second signal having said second 
pacitance coupling element; logic level; and 

supplying said generated second signal to said second electrically connecting said second capacitance cou 
capacitance coupling element; pling element to said potential source in response to 

electrically connecting said first capacitance coupling 5 said first signal having said second logic level. 
element to a predetermined potential source in sk is k 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 


